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a b s t r a c t
In the face of scarcity of energy resources and rising energy prices due primarily to a world of increasing
demand, energy security concerns becomes more crucial both for private and public sector alike. At the
same time, energy policies have been shifting and policy changes have become hard to predict because of
radical changes in energy supply. This paper analyzes the barriers to sustainable energy development in
Nigeria which are: (1) cost and pricing barriers, (2) legal and regulatory barriers, (3) market performance
barriers. It concludes by highlighting some key policies that can help address some of the identified
barriers in order to ensure a secured sustainable energy future for Nigeria.
© 2016 The Author. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Energy infrastructures materializes through the services it
provides us (Shove et al., in press). This simply implies that more
energy infrastructure will be required as we embrace more energy
intensive practices which then puts pressure on the provision
of more services that are energy dependent. Increasing levels of
associated costs of providing new energy infrastructure, as well as
the complexities associated withmaking such provisions, makes it
imperative that people, organizations, agencies, and governments
thread along the path of sustainability transition in energy use
(Verbong and Geels, 2010).
Fossil markets are important andwill continue to be important.
However, we, and particularly the developed world, have gotten
addicted to fossil fuels. This is not sustainable for two fairly obvious
reasons:
• Fossil fuels are a finite resource and is reserve based. Reserves
will necessarily deplete and run out (Höök, 2009).
• Burning fossil fuels increases carbon-dioxide emission which is
a major contributor to the climate change crises today (Schock
et al., 2007).
In many developing countries, the big challenge is energy ac-
cess (Kerrigan, 2001). Increasing pressure from both international
agencies and the people of most developing countries to improve
on energy infrastructure provisions seems to distract the govern-
ments in seeking sustainable energy pathways as they plan such
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0/).provisions (IEA, 2012). As such, many countries end up with inap-
propriate energy infrastructuremix to satisfy the growing demand
for energy.
The energy history and profile of a country is a major factor
to consider in assessing their current and future journey towards
a sustainable energy path, particularly for developing countries.
This is crucial as most countries with fossil fuel resources will
necessarily focus on using their available resources to satisfying
their energy need and alleviating themselves from energy poverty
(OECD/IEA, 2010). The following sections delves into the Nigerian
energy profile, the various barriers to developing sustainable
energy, as well as some policy directions to address the barriers
towards a sustainable energy path.
2. Methodology
Research involves investigating new and innovative aspects
of any branch of knowledge. It also involves defining and
redefining problems, formulating hypotheses, suggesting solution
approaches, and deducing new conclusions. It involves a search for
knowledge through an objective and systematic method so as to
find solutions to problems or developing a theory (Rajasekar et al.,
2006).
Research employs the use of some tools to collect data,
which is then analyzed in order to have a better understanding
of the problem and help proffer possible solutions or solution
approaches. One of such tool is exploratory research tools.
Exploratory research tools is used to gather preliminary data
which helps to define a problem within a suggested hypothesis.
Exploratory research mostly relies on secondary data which could
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in published literature or manual – or qualitative approach –
such as informal discussions with target participants. Exploratory
research can take other formal approaches such as: case studies,
in-depth interviews, pilot studies, or focus groups (Kothari, 2004).
This paper uses exploratory research tools for data collection
from already published statistical reports to analyze the Nigerian
energy profile with specific focus on: historical energy production
and consumption trends; trends in fossil fuel use for electricity
generation; and issues around energy resource vulnerability,
with the view of understanding the link to the current barriers
towards achieving a sustainable energy future. Data from different
sources such as the US Energy Information Administration, British
Petroleum Statistical Review on World Energy, among other
documents were used for the analysis of the Nigerian sustainable
energy barriers.
3. Nigeria’s energy profile
This section delves into different aspects of the Nigerian energy
profile. It covers the aspects of the steady growth in energy
production and consumption since the 1970s; the increased use
of fossil fuels for electricity generation from the limited primary
energy sources; and the increased vulnerability of the limited
energy resources.
3.1. Energy production and consumption since the 1970s
Since the 1970s, there has been tremendous growth in energy
exploration and production in Nigeria with crude oil being the
most explored. However, the fastest growing energy resource
with regard to production is natural gas. Fig. 1 shows a graph
of the historical energy production in Nigeria as released by the
United States Energy Information Administration (EIA). The graph
highlights the heavy reliance on fossil fuels for satisfying the
Nigerian energy requirements (EIA, 2015) with hydropower being
the largest renewable energy source.
Fig. 2 shows a graphof the growth in consumption of the various
constituents of crude oil. This is a clear indication of the over-
reliance on fossil fuels (particularly crude oil) for secondary energy
provision. Some sectors such as: transport, electricity generation,
and residential use, are major contributors to the uncontrolled
growth and heavy dependence on crude oil and their constituent
by-products.
Since energy sources from fossil fuels are reserve based,
continuous exploration, production, and use is bound to cause a
downward movement of the amount of the available reserves.
Inasmuch as Nigeria’s exploration activities has led to the
discovery of new energy fields (thus, increasing the reserves) it
is imperative that continuous excessive exploration, production
and use is not sustainable. As such, there is need to look out
for alternatives. Fig. 3 shows Nigeria’s crude oil production and
reserves as released by the British Petroleum Statistical Review of
World Energy. Fig. 4 shows the Nigeria’s oil and gas fields.
3.2. Increased use of fossil fuels for electricity generation
The chart in Fig. 5 shows the increased dependence on fossil
fuels for electricity generation. This trend, however, still continues.
Policy direction by the Nigerian government points towards
encouraging the use of gas fired power plants due to the availability
of natural gas and the high natural gas reserves. This will only
cause a shift from the use of biofuels and waste to natural gas for
electricity generation as shown in Fig. 6.3.3. Increased vulnerability of energy resources
Vulnerability is a very important issue within the Nigerian
energy resource context. There have been varying degrees of
susceptibility to the various effects of activities in the Nigerian
energy extractive industry. This includes crude oil and natural
gas pipeline vandalism, gas flaring, unrest among youth groups
in the energy producing regions, among other interconnected
factors (Osuoka, 2005). Fig. 7 gives a breakdown of the number
of incidences of pipeline vandalism in Nigeria between 2002 and
2011, while Fig. 8 provides a breakdown of the world’s top gas
flaring nations of which Nigeria is a part.
Following careful consideration of the various aspects of the
Nigerian energy profile, the following sections delves into the
key barriers that pose a threat to the effective development of a
sustainable energy pathway for Nigeria.
4. Key barriers to Nigeria’s sustainable energy development
Sustainability and saving energy is important as we need to
safeguard the future both for our planet and for the upcoming
generation. To move on the path to sustainability, we can either
go for energy supplies that has no carbon release, or find ways
to use less energy. Energy sustainability barriers has evolved in
various ways. Some of them come in the forms of attitudinal, legal,
regulatory, market, and/or financial barriers (Beck and Martinot,
2004). This section describes the three major barriers affecting the
transition to sustainable low-carbon energy system in Nigeria.
4.1. Cost and pricing barriers
Cost and pricing barriers within the Nigerian context manifest
in the following ways:
I. High initial capital cost: Required investment cost for new
energy infrastructure, as well as infrastructure upgrades can
be quite high as most investors are faced with one of two
challenges:
a. Highly dilapidated existing energy infrastructure—in which
case cost of revamp and upgrade tend towards the high side.
b. Unavailable infrastructure—which makes the initial cost of
investment high. At this stage, the cost of planning, design,
routing, siting location(s), etc. add up to the high initial cost.
II. Difficulty of fuel price risk assessment: Risk assessment of
fuel prices and inability to make a fairly accurate forecast
(with some acceptable tolerance levels) are major factors
contributing to the initial high cost of investment. They come
in two forms:
a. Inconsistency in supply—caused by activities of vandals of fuel
(oil and gas) pipelines and associated infrastructure.
b. Fluctuations of oil prices—which are functions of other
external forces such as crude oil price benchmarking set by
the Organization of Petroleum Exporting Countries (OPEC).
Other external market forces that affects fuel prices include:
market demand and supply, market abuse—in which case
some players in the market tend to do things or carry out
actions that are against the traditional market principles in
order to get more business to their favor (Abrams, 2000).
III. Transmission Cost. High cost of transmission of generated
energy is affected by two main factors:
a. Insufficient transmission infrastructure.—The currentNigerian
electrical transmission infrastructure was last upgraded in
the 1980s. With respect to capacity, it is unable to transmit
electrical power above 6000 MW (megawatts) consistently.
This poses a challenge as any investor in the Nigerian
electrical power sector must think of how the generated
power will be evacuated. Some possible solution to this is
embedded generation.
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Source: US Energy Information Administration.Fig. 2. Nigerian consumption of crude oil products.
Source: US Energy Information Administration.b. Dilapidated distribution infrastructure: The current distribu-
tion infrastructure are in shambles. The associated cost of
revamping and upgrading the distribution network to allow
for additional electrical power capacity seem overwhelm-
ing to the distribution companies. Reducing energy theft in
the distribution network is also another big challenge. All
of these should be well factored into the initial cost of any
project.
IV. Environmental externalities. Externalities in the forms of
public safety, pollution, etc. are some of the effects of the
bilateral transactions between buyers and sellers in energybusiness which oftentimes have some external implications
on third party agents (Zilberman, 1999). The effects of these
externalities serve as a justification for political influence
on the activities of those in the energy market. Some
environmental considerations mitigating against the embrace
of sustainable energy pathways include (Western Australia
Sustainable Energy Association, 2010):
a. Visual and noise amenity (in the case of solar Photo-Voltaic
and wind power generation)
b. Height restrictions (in the case of wind power generation)
c. Birds/bats concerns (in the case of wind power generation)
N. Edomah / Energy Reports 2 (2016) 28–34 31Fig. 3. Crude oil production and reserves in Nigeria.Fig. 4. Nigeria’s oil and gas fields.
Source: http://www.platts.com/news-feature/2014/oil/africa-geopolitics/nigeria-oil-gas-fields.d. Reflection/flicker issues (in the case of solar Photo-Voltaic
and wind power generation)
e. Drilling operational issues (in the case of geothermal)
f. Heritage restrictions.
4.2. Legal and regulatory barriers
Legal and regulatory barriers to sustainable energy develop-
ment in Nigeria mostly present themselves in the form of policyuncertainty and inconsistencies. This include:
a. Inconsistent standards and compliance requirements. This
appears in the forms of lake of adequate standards, codes, net
metering guidelines, and utility interconnection standards.
b. Lack of cost reflectivity in electricity tariff.
c. Policy uncertainty regarding renewable energy buyback scheme
and future feed-in tariff.
d. Policy uncertainty on technical requirements for residential
feed-in, as well as residential feed-in tariff.
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Source: US Energy Information Administration.Fig. 6. Nigeria’s share of total primary energy supply, 2011.
Source: US Energy Information Administration.e. Policy uncertainty regarding commercial feed-in tariff.
Considering that the biggest opportunity lies in the effective
utilization of the limited available energy, other notable areas
where there seem to be some clear policy deficits mitigating
against the sustainable development of energy systems include:
a. Lack of clear national energy efficiency standards where clear
energy efficiency targets are defined.
b. No clear air emission regulation.c. Lack of clear national climate change policy.
d. No clear national standards for electrical appliances.
e. Inadequate implementation of the national building codes.
4.3. Market performance barriers
Beck (Beck and Martinot, 2004) highlight some market
performance barriers as:
• Lack of access to credit and proper financing options.
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Source: US Energy Information Administration.Fig. 8. World’s top gas flaring nations.
Source: US Energy Information Administration.• Perceived technology performance and risk—as related to
renewables.
• Lack of technical/commercial skills and information.
Some other key barriers with respect to market performance that
still impedes against the smooth transition to a sustainable energy
pathway include:• Government subsidies on fossil fuel leading to market price
distortions.
• Market failure to value the benefits of energy from non-fossil
fuels (renewables).
• Market failure to effectively internalize all conventional energy
costs (including the risks of supply disruption, pollution, etc.).
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Summary of some key policies and barriers that can be addressed.
Policy Main advantages Barriers that could be addressed
Power sector restructuring
policies
– Competitive wholesale power market. – May increase or reduce barriers of high cost and unfavorable pricing rules.
– Privatization and commercialization of utilities. – Difficulty of fuel price risk assessment
– Unbundling of generation, transmission and
distribution.
– Provides greater incentive for self-generation
– Competitive retail power market – Help reduce barriers of subsidies.
– Self-generation by end users.
Distributed generation
policies
– Net metering – Unfavorable pricing rules
– Real time pricing – Interconnection requirements
– Capacity credit – Transaction cost
– Interconnection regulations
Rural electrification
policies
– Rural electrification policy and energy service
concession
– Lack of skills and information
– Lack of access to credit
– High cost5. Recommendations
There is need for all stakeholders (policy makers, energy
industry executives, etc.) to work together in order to expedite
the development of sustainable energy systems. Table 1 presents
a summary of some key policies and barriers they are likely to
help address. Some areas of focus and possible collaboration by the
various stakeholders include:
a. Defining a predictable and coherent energy policy.
b. Implementing stable regulatory and legal framework to support
long term investment.
c. Encouraging public and private initiative that enable innovation
and foster research.
6. Conclusions
That Nigeria is quite vulnerable with respect to her energy re-
sources is quite real. This is reflected in all of the different issues
such as pipeline vandalism, increased fossil fuel consumption, in-
creasing demand, and increased scarce resource constraints. There
is need for a policy focus that helps to cub some of the identi-
fied barriers towards a sustainable energy pathway. These policies
should be able to help address issues of economic, social, and envi-
ronmental dimensions of sustainable energy, while ensuring that
the technical aspects for the actual implementation and operation
are addressed. Education also plays a vital role in enabling energy
consumers embrace practices that are energy efficient and actions
that will lead to a secured sustainable energy future.
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